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Taxonomy, on the other hand, is pursued more in the library or at the desk than in the laboratory, though it is based on work at the bench. It can be divided into three parts, at one time called 'the Trinity that is Taxonomy' (Cowan, 1965 a) : classification, nomenclature and identification; some would say they are inseparable, but that is not so, for I know taxonomists who confine their thoughts to one of these facets. Let me take these in turn.
Classijication
We can arrange the same objects in several different ways, depending on the characters we select for observing the differences. For example, we can classify motor cars by their make, their body shape, or by their colour; each classification will be different but each may be useful for a particular purpose. We can also classify actions, such as driving a car, walking, or eating an apple. These are disparate actions, but the first two may have the common objective of getting from A to B, whereas eating an apple is a different kind of action altogether, and we cannot reasonably include it in a classification of means of transport. In a case such as this there is a tendency to say 'these actions are unrelated' when what is meant is that they are 'not comparable'; classifications in general, and what is written about them, are bedevilled with words like 'related' and 'unrelated' used in an unthinking way.
When we try to sort living organisms we are not searching for an ideal classification. Although we may hope for it, we are not looking for THE classification of Divine inspiration for we do not think that any classification is so inspired; what we look for and make are classifications for a particular purpose. In other words, our classifications are purpose-built, and each speciality may have its own classification of the same organisms. There is a general feeling among taxonomists that if we could find a good general classification-one that is useful and meets the needs of most users-we should be approaching the ideal classification.
But while needs change, so must classifications; what we should not do is to make a classification fit a preconceived idea; we should, as far as possible, be objective in making a classification and, with this aim in mind, use statistical or computational methods.
In sorting or pigeon-holing our objects we recognize likeness or similarity by the number of characters (features) that objects have in common. When all the characters seem to resemble each other, we say the two objects are identical and the similarity is said to be I or 100%; when all the characters are different, the similarity is nil and scored 0;; intermediate values indicate the degree of similarity or likeness. In biology, identity is seldom seen; when we find organisms with many shared characters we say they are similar, or have many similarities. I use the word similarity, but people less cautious in the use of words might say 'related' or, worse still, 'having a relationship'. While a high degree of similarity does suggest relatedness, that state can only be proved by genetic experiment using techniques that are not yet applicable to all kinds of bacteria; fortunately molecular biology is providing us with in vitro methods based on DNA homology that will probably give us vital information on genuine relationships.
Classification is a practical and important part of a taxonomist's life and work; a successful classification is one that fulfils its purpose, but a successful one is not necessarily a good classification. One of the most successful bad classifications is one in which I played a constructive part, namely the classification of staphylococci and micrococci by Shaw, Stitt & Cowan (1951). For this, we collected strains from many sources and stipulated only three characters : spheres (cocci) that were Gram-positive, and the culture catalase-positive (this was to exclude streptococci). We made a routine series of characterizing tests, probably 40 or 50 in number, and from the results we concluded that (I) we could not, on the information available, distinguish between staphylococci and micrococci ; (2) the potentially 3 Sense and nonsense in taxonomy pathogenic group (coagulase-positive) was closely knit and there were few differences between the individual strains that made up the group, though we suspected some differences in strains from different kinds of animal; (3) the other strains showed so many differences that we seldom found two strains that were alike in our limited number of tests. We divided the strains into five groups, the division being made on single character states. 
Not produced (Staphylococcus lactis)
The most obvious point about this scheme is that every Gram-positive, catalase-positive coccus must have a place in one of the five species; consequently the scheme was greatly liked by those who had to identify bacteria and issue a report, but it was a thoroughly bad classification because (i) every organism could be placed perfectly in it; in real life bacteria are not so obliging as to fall neatly into a pigeon hole; (ii) the subgroupings were made on the basis of single characters; better groupings (and more of them) would have been made by using pairs of characters; (iii) it gave the impression that there were four important characters and a lot of unimportant ones.
But however bad this classification from the systematist's point of view, it was dearly loved by teachers and diagnosticians. It brings me to my next point, namely, that species (and other categories such as genera, families, and so on) are man-made; indeed, we prefaced our paper on the classification of the staphylococci with a quotation from John Locke: 'The boundaries of the species, whereby men sort them, are made by men'. Linn6 (or Linnaeus, to give him his latinized name), and many since him, believed that the species was the smallest unit of living things and that species were more or less literally made in Heaven. We now know that a bacterium's characters can be changed by the action of bacteriophages, by conjugation, and by transformation, all of which bring about the transfer of DNA from one bacterium to another, and we also know that these events can occur naturally as well as in the laboratory. So the idea of the fixity of the species is no longer tenable; and if the species is not a fixed unit, how can we build up higher categories, except as flexible and plastic units ?
Classical taxonomists like to place organisms into categories (ranks) of greater magnitude, but the less orthodox prefer to think of the differences between bacteria as resembling lights of different wavelengths that make a spectrum of colours, and to liken the classification of bacteria to the universe; in other words to regard different bacteria as units in multidimen- 
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4 sional space. Another unorthodox idea is that an organism may belong to more than one higher rank; for example, it is unorthodox (but practical and sensible) to think of Plesiornonas shigelloides both as a member of the Enterobacteriaceae and of the Pseudomonadaceae. In short, the newer taxonomist, not steeped in classical taxonomy, recognizes that changes are needed not only because of new knowledge, but because evolution is taking place now; he recognizes this fact but does not known how to deal with it in connexion with classification.
It is opportune to mention briefly classification (or subdivision) that has run wild and moved from the sensible to the senseless, and I cannot find a better example than the salmonellas. Fifty years ago a few species were recognized; they seemed to be associated with different clinical syndromes or different animal species, and they were found to have different antigens, or combinations of antigens, both on the bacillary surfaces and on the flagella. Now some 2000 of these combinations are known and we are no longer willing to regard each combination of antigens as a different species; we call them serotypes but that merely dodges the issue. Fifty years ago we thought of all the intestinal bacteria now included in the Enterobacteriaceae as being in one genus which we called Bacterium (which also included other Gram-negative rods). Now the family Enterobacteriaceae has many so-called genera : Escherichia, Edwardsiella, Citrobacter, Salmonella, Shigella, Klebsiella, Enterobacter, Hafnia, Serratia, Proteus, Yersinia and Erwinia (and there are others we have discarded, such as Aerobacter and Providencia). There is a swing of opinion against this splitting, and those most closely concerned, the enterobacteriologists, would like to see many of these genera re-united into three or four genera, or even one big genus. I give this example to show that classification is not and cannot be static; in this large group so much work has been done to subdivide the subgroups that we now know something of the factors that bring about the changes and transform one subunit to another.
Nomenclature
Nomenclature is the supreme generator of heat, bad temper and ill-will among taxonomists and every kind of microbiologist; the reason is that in matters of nomenclature we are all conservative-we hate change. But when a classification changes there will, almost inevitably, be changes in the names of the units classified, whether they be motor cars or microbes. Workers of my generation were taught and brought up on names such as Bacillus tetani, B. diphtheriae and B. typhosus; we were young enough to change to the nomenclature introduced in the 1920s, but many of our older colleagues never changed. On the: other hand, some of the purists have carried the principles and practices of botanical nomenclature to the other extreme and, by delving into the forgotten literature of the past, have raked up names that have never come into use, or would have been better left buried in the past. Botanists fixed 1753 as the starting year for the nomenclature of plants, and as bacteria were at one time regarded as plants, their scientific names were theoretically subject to the International Code of Botanical Nomenclature until 1930 when the bacteriologists approved the preparation of an independent code. There was the usual division of opinion among bacteriologists, and those who won wanted to follow the botanists, with the result that the Bacteriological Code is very similar to the Botanical Code. The opposition, made up mainly of medical bacteriologists, wanted something simpler and more closely related to usage ; they objected to repeated changes of name as some bibliophile or armchair bacteriologist found an unused name in the old literature and tried, often successfully, to bring it into the current literature. The absurdity of this happening is seen with the name Serratia marcescens which Bizio applied in 1823 to the organism that caused the miraculous bleeding polenta. is the cause of bleeding polenta, they will unhesitatingly answer 'a yeast ', yet it is true that the prodigiosus bacterium will also produce the phenomenon, as was shown by the late Dr Breed when he visited Italy and experimentally reproduced the miracle on the site of Bizio's original observations. Bearing in mind the limitation of magnification and resolving power of Bizio's microscopes, and the fact that the bacterium is one of the smallest and is used to test the efficiency of bacterial candle filters, the odds seem to favour a yeast. What is abundantly clear is that there is so much doubt as to what he did see that the name should be automatically avoided by those who wish to speak and write with clarity and scientific exactness.
Milestones
In an earlier paper I listed some of the milestones of bacterial taxonomy (Cowan, 1970) and here I should add one more, namely:
1947. The International Code of Bacteriological Nomenclature (short name Bacteriological Code) was approved at the Fourth International Congress for Microbiology; it was published by Buchanan, St John-Brooks & Breed in 1948.
Many of the difficulties experienced in nomenclature can be attributed to three principles of this Code, priority, nomenclatural types and retroactivity, and I shall deal with these in what follows.
Priority
The principle of priority requires the use of the earliest legitimate name, and in theory and in intent this is an excellent principle. A legitimate name is one that is published in accordance with the rule of nomenclature; the rules seem clear enough but their interpretation is subjective; furthermore, because of retroactivity (see below) a name published before a rule was made may later by declared illegitimate. The rules lay down requirements for the validity of publication; for example, a name published in a newspaper or in a catalogue would not be regarded as validly published. A somewhat strange rule requires a name to be accepted by its author when he publishes it; many names may be excluded because an author was not firm enough when he proposed a name. It is no use saying 'I think the name Bacillus balneus (the bath bacillus) would be appropriate ' ; he must state categorically, ' I name this organism Bacillus balneus'. The rules do not allow one to exclude a name because the latinization was incorrect (though some authors would try to make us believe that they do), and they allow a badly-latinized name to be corrected without affecting the attribution to the original author. One can easily get bogged down in argument about Latin names, but these arguments are irrelevant for there is a rule that says that a name can be formed arbitrarily and it may even be an anagram. Thus we could make a specific epithet thab from the word bath; admittedly we should latinize it, but the thab epithet should not be invalidated because it is not latinized.
Thus there is plenty of scope for nomenclatural nonsense. Sometimes I am asked to suggest a name for an organism; in this I'm a Philistine and tell the inquirer to do his own thinking of names; all he needs to do is to avoid names or combinations that have been used before. Most inquirers want an appropriate name, but names do not need to have a meaning, or to to be appropriate (e.g. the green rosella of Tasmania is mostly yellow and blue in colour).
Type concept or type method
Carried over from the Botanical Code is the principle that a name should be attached to a type, the name of a species to a type specimen, the name of a genus to a type species, and 6 S. T. COWAN so on. The working of this principle is confused and confusing (see Heise & Stan, 1968, 1969 for a detailed discussion) for the name of a species is attached to a specimen (i.e. a culture) while the name of a genus is attached to a taxon (i.e. a group of strains or a group of species). Although the type method fixes the name to a particular specimen (strain), that specimen need not be typical (or characteristic) of the taxon. This is a ridiculous situation, and many good taxonomists will not select a type strain of a species; these nonconformists say that you cannot get an accurate conception of a species from any one strain, that several strains should be chosen so that between them they will indicate the limits of variability seen among members of the species. In this way the species is seen as a population, not as a single specimen, and in contrast to the type concept, this can be called the population concept of species. In the past the type method had a use because it made or encouraged bacteriologists to study their strains more carefully and to describe them more fully; it also encouraged them to send the type strain to a culture collection for safe keeping.
Descriptions or characterizations form an important, but unfortunately dynamic, part of taxonomy. Mayr (I 969) says that 'Descriptions are the foundations of taxonomy since only the printed word is indestructible'. Mayr is a zoologist and his types are dead specimens; we are fortunate in having living cultures and we can preserve them in a reasonably stable form by freeze-drying. But descriptions can only be as good as the techniques of the day allow, and a description adequate for a paper published 50 years ago would not be highly commended now. Consider, as an example, Micrococcus i'ysodeikticus, which was described by Fleming in 1922 in the simple terms of the bacteriology of that time; the organism was a large Gram-positive coccus that grew well on all ordinary media at room temperature or at yo, and it was aerobic and facultatively anaerobic. The only unusual character was that the organism (a single strain) was lysed by nasal secretion and tears. The description was based on a single strain, and the organism is better regarded as a strain rather than as a species. Bacteria isolated in the last century have even sparser descriptions and are more difficult to recognize with certainty. Later bacteriologists have amplified some of these early descriptions, and the additional information may seem more convincing when the characterizing tests have been made on subcultures of the original strain, but doubts sometimes arise about the authenticity of these old cultures, and however reputable the source, one should observe a due scepticism. Sometimes a modern worker tries to reproduce the methods (and at the place) of the original isolation, but it always seems to me to be naive to think that the bacterial flora will be the same as it was many years ago, and that it has been sheltered from the effects of man's pollution of his world.
The importance of descriptions is greatest when there are not adequate numbers of representative strains; in some species we are entirely dependent on descriptions, and the interpretation of an old description may be so subjective that different workers believe that entirely different organisms fit the description. Thus, when priority of a name depends on a description, and only on a description, the validity of publication of the name of the taxon is in doubt, and it would be sensible to reject the name. But some workers will accept it name with even the vaguest description of an organism and, as the rules of nomenclature stand, they are quite entitled to do so.
Retroactivity of rules
Unfortunately, the Bacteriological Code, like the Botanical Code, says that its rules are retroactive; this means that a bacteriologist who, in say 1899, described and named a new bacterium is supposed to have been able to anticipate rules-and changes in rules-made 50, 60, or 70 years later. The early bacteriologists were pioneers and far-sighted men, but their 8
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In a recent paper on the nomenclature of actinomycetes, Pridham (1971) gave many examples of difficulties created by the present Rules of the Bacteriological Code, and by the subjective evaluation of the validity of publication made by the editors of Index Bergeyana (1966) . In his general indictment he stated that a practical application of the Code was 'disappointing, frustrating, and mentally exhausting'. He thought that a simplification of the Code might help to avoid some of the difficulties, and had to admit (obviously with regret) to understanding why taxonomists were tempted to ignore the Code.
